Cardiovascular disease (CVD) is an increasing cause of morbidity and mortality in human immunodeficiency virus (HIV)-infected adults; however, this population may be less likely to receive interventions during hospitalization for acute coronary syndrome (ACS). The degree to which this disparity can be attributed to poorly controlled HIV infection is unknown.
Introduction
In the United States, non-AIDS-defining illnesses including cardiovascular disease have become the leading cause of death in HIV-infected patients. HIV infection is associated with a 50% increased risk of acute myocardial infarction (MI). [1] Given high rates of acute coronary syndromes (ACS) in this population, adequate access to standard-of-care interventions and revascularization procedures for HIV-infected patients with ACS is critical.
Unfortunately, there is evidence that disparities may exist in management of ACS by HIV status. A recent study demonstrated that in patients presenting with ACS, HIV-infected patients were less likely to receive percutaneous coronary intervention (PCI), coronary artery bypass grafting (CABG), and drug-eluting stents (DES), and had higher in-hospital mortality as compared with patients without HIV. [2] It is not clear to what extent these differences can be attributed to poorly controlled HIV-infection, that is, acquired immunodeficiency syndrome (AIDS). We used the National Inpatient Sample (NIS), a component of the Healthcare Cost and Utilization Project (HCUP), to compare rates of cardiac catheterization and revascularization (PCI and CABG) among patients with asymptomatic HIV-infection, AIDS, and uninfected adults hospitalized with ACS to determine whether inequalities with respect to HIV status are attributable to symptomatic HIV/AIDS.
Methods

Data source
The National Inpatient Sample (NIS) is a systematic random sample of discharges stratified by hospital characteristics (https:// www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp). However, unified sampling weighting has been provided for HCUP so that all the annual NIS data can be analyzed together and weighted survey analysis results apply to all US community hospital discharges. We used 2009 as our initial analysis year to allow for stabilization in usage rates of drug eluting stents. [3] This study was granted exemption by the Duke Institutional Review Board due to the lack of identifiable patient health information.
Study population
The study population was patients aged 18 years and older hospitalized with acute coronary syndromes (ACS) diagnosis (including ST-elevation myocardial infarction [STEMI] , non-STEMI [NSTEMI] , and unstable angina [UA]), grouped by HIV status. International Classifications of Disease, Ninth Edition (ICD-9) codes were used to identify hospitalizations for ACS diagnoses and related procedures (Supplementary Table 1 , http:// links.lww.com/MD/C117). HIV status was determined based on presence of ICD-9 code of 042 (symptomatic HIV infection/ AIDS) or V08 (asymptomatic HIV infection) included in the hospitalization claim. This procedure has been used in prior analyses of HCUP data to distinguish between those who have documented diagnoses that reflect current or prior severe HIVrelated immunosuppression and those who do not. [4, 5] Medical comorbidities and drug, alcohol, and substance use/abuse were defined based on the NIS Clinical Classifications Software tool, a methods of condensing patient diagnoses into clinically meaningful categories.
We investigated rates of catheterization as well as time to catheterization for all patients presenting with ACS. Specifically, we determined whether a patient with STEMI as admitting diagnosis underwent catheterization within 24 hours and whether a patient with NSTEMI underwent catheterization within 48 hours. Time thresholds are based upon guidelines [6] and findings from prior studies. [7, 8] We additionally examined revascularization rates including PCI and CABG procedures and stent type for all patients undergoing PCI, and evaluated outcomes including length-of-stay (LOS) and in-hospital mortality for the index admission.
Statistical analysis
The eligible hospitalizations were categorized into 3 groups by patients' HIV status-symptomatic HIV/AIDS, asymptomatic HIV, and uninfected. Unweighted descriptive statistics were used to describe baseline characteristics of the sample groups. Intervention rates and postprocedure short-term outcomes were based on survey data analysis, with weight and hospital clustering effect adjusted. Rao-Scott chi-squared tests or analysis of variance were used to test significance of the differences among the three groups, and 95% CIs of proportions or means were constructed for direct comparisons. To examine adjusted effects of HIV status on the outcomes, weighted multilevel logistic or linear regression [9] was used. We controlled for the following variables in our model: age, sex, race/ethnicity, income, year of hospitalization, tobacco use, alcohol use, substance abuse, ACS event type, comorbidities (congestive heart failure, renal disease, malignancy, cerebrovascular disease, peripheral vascular disease, hypertension, chronic obstructive pulmonary disease, diabetes, obesity, and liver failure), hospital type/ownership, and insurance status. Race was evaluated by NIS categories including Black, White, Hispanic, Asian/Pacific Islander, Native American, or Other. Insurance Status was evaluated by NIS categories including Private, Medicaid, Medicare, Self-Pay, No Charge, or Other. Model estimated odds ratios (OR) or difference in least square means with 95% CIs were reported. P-value <.05 was considered statistically significant. All analyses were performed using SAS statistical software SAS 9.4 (SAS Institute, Cary, NC).
Results
We analyzed 1,093,849 hospitalizations for ACS, including 3792 (0.35%) in HIV-infected patients. Baseline characteristics of the study population are provided in Table 1 . HIV-infected patients (including those with asymptomatic HIV and symptomatic HIV/ AIDS) were younger and more often male, Black or Hispanic, and of lower income status relative to uninfected patients. HIVuninfected patients had greater rates of traditional CVD risk factors and equivalents compared with those with HIV infection. Patients with symptomatic HIV/AIDS had higher rates of malignancy, liver disease, and kidney disease relative to both uninfected patients and those with asymptomatic HIV infection. Smoking, substance abuse, and alcohol abuse were higher among those with HIV infection (both symptomatic HIV/AIDS and asymptomatic disease) as compared with uninfected patients. Among ACS events, unstable angina occurred less frequently and NSTEMI more frequently in those with symptomatic HIV/AIDS, relative to those with asymptomatic HIV or without HIV infection.
Catheterization after ACS event and timing to catheterization
Overall rate of cardiac catheterization was 53.3%, including 62.6% of patients with asymptomatic HIV infection, 43.0% of those with symptomatic HIV/AIDS, and 53.4% of patients without HIV infection (Table 2) . After adjustment for patient and hospital characteristics, we found that relative to uninfected patients, those with symptomatic HIV/AIDS were less likely to undergo catheterization (OR 0.48, confidence interval [CI] 0.43-0.55), while patients with asymptomatic HIV were not (OR 0.93, CI 0.81-1.07). 
Revascularization after ACS event
Overall rate of revascularization (PCI or CABG) was 37.4%. In unadjusted analysis, revascularization was performed in 43.5% of those with asymptomatic HIV infection, 28.4% of those with symptomatic HIV/AIDS, and 37.4% of uninfected patients. In multivariable regression, we found that relative to uninfected patients, those with symptomatic HIV/AIDS were less likely to undergo PCI (OR 0.69, CI 0.59-0.79) and CABG (0.75, CI 0.61-0.93), while patients with asymptomatic HIV were not (OR 1.06, CI 0.93-1.21; OR 0.88, CI 0.72-1.06, respectively). The proportion of those receiving DES was 66.8% in those with asymptomatic HIV, 60.1% for those with symptomatic HIV/ AIDS, and 73.0% for uninfected patients. In adjusted analyses, placement of DES was less likely in both asymptomatic HIVinfected patients (OR 0.78, CI 0.63-0.95) and those with symptomatic HIV/AIDS (0.68, CI 0.50-0.93) relative to uninfected patients.
Short-term outcomes
Length of stay was longest for those with symptomatic HIV/AIDS (mean 8.3 days for those with HIV/AIDS, 4.5 for those with asymptomatic HIV, and 5.5 days for uninfected patients). Unadjusted mortality was highest in those with symptomatic HIV/AIDS (11.4% vs 3.4% for those with asymptomatic HIV infection and 6.9% for uninfected patients). In adjusted analysis, patients with symptomatic HIV/AIDS had higher risk of inhospital mortality relative to uninfected patients (OR 2.23, CI 1.85-2.69), although those with asymptomatic HIV did not (OR 0.76, CI 0.57-1.01).
Discussion
In this analysis of ACS hospitalizations from a large national dataset, we found lower likelihood of cardiac procedures after ACS for HIV-infected patients with symptomatic HIV/AIDS, but not for those with asymptomatic disease. Compared with uninfected patients, patients with symptomatic HIV/AIDS were less likely to undergo cardiac catheterization, PCI, and CABG, whereas those with asymptomatic HIV were not. These findings are meaningful in light of a recent study by Smilowitz et al. [2] Using the same NIS dataset, the authors documented disparities in cardiac procedures for HIV-infected patients across the board. [2] Our contemporary data demonstrate that the primary driver behind lower rates of procedures for these patients is presence of symptomatic HIV/AIDS, and suggest less prevalent disparities for asymptomatic HIV-infected persons with CVD.
Other prior studies have explored the likelihood or frequency of cardiac procedures in HIV-infected persons, although with mixed results and not accounting for the contribution of HIV/ AIDS. One study matched 44 HIV-infected patients with ACS by age and race to uninfected patients with ACS. [10] The authors found that after matching, the rate of catheterization was lower in the HIV-infected group versus uninfected group (75% vs 86%) despite higher rates of STEMI in the infected group, although the results were not statistically significant (P = .10). Another study investigated rates of PCI after positive stress and catheterization. Interestingly, those with HIV infection were more likely to undergo PCI than those without HIV infection. [11] However, this study did not look at rates of CABG, which may have impacted PCI rates.
Our study's finding of lower rates of procedures in those with symptomatic HIV/AIDS is notable and deserves further exploration in future studies. Higher rates of sepsis or bacteremia in this group may lead to a higher proportion of type II MI that would not necessarily require intervention. In fact, a recent study by Crane et al [12] incorporating data from the pre-ART period (1996-2014) showed a high rate of type II MI in patients with Table 2 Rates and multivariable analysis for catheterization and revascularization procedures. HIV infection, and in this study, those with type II MIs had a low median cluster of differentiation 4 (CD4) count (230 cells/mm 3 ). Early studies demonstrated increased postoperative complications and mortality for patients with HIV/AIDS undergoing surgery [13, 14] ; these studies contributed to the historic use of a CD4 count threshold of 200 cells/mL to guide eligibility for surgery or procedures.
However, these early studies and the aforementioned CD4 threshold predate the era of effective anti-retroviral therapy (ART) for HIV infection. Since the introduction of combination ART, there have been vast improvements in interventional complications, including mortality. [15] Additionally, earlier studies did not account for suppression of HIV viral load, which is also associated with postsurgical outcomes and may be more important than CD4 count in predicting mortality. [15, 16] Further studies are warranted regarding contribution of CD4 count and HIV viral load; clarification would allow surgeons and interventionalists to better risk-stratify their HIV-infected patients and may relieve hesitation in taking them for surgical or interventional procedures.
Our findings on DES use were consistent with those of Smilowitz et al-all patients with HIV (asymptomatic and endstage disease) were less likely to receive DES placement. [2] This finding is more problematic when considering that HIV-infected patients have high rates of severe diffuse in-stent restenosis after PCI with bare metal stent, [17] although data about stent use and complications are limited in the HIV-infected population. However, in the general population, studies as of 2008 have demonstrated improvement in long-term risks after DES as compared with bare metal stents (BMS), [18] quelling controversy regarding late stent thrombosis and allowing rates of DES usage to stabilize. [3] More recently, a large clinical trial with long-term follow-up confirmed lower rates of repeat revascularization in patients receiving DES. [19] Reasons for lower rates of DES among HIV-infected patients are unclear.
Placement of drug-eluting stent material requires that the patient strictly adhere to a dual antiplatelet regimen, and providers may feel this is not feasible for some patients with HIVinfection. Additionally, concern about drug interactions may play a role, although the interaction between ART and anti-platelet agents remains theoretical. [20] Clopidogrel, the anti-platelet drug that would have been used during our study period, is a prodrug requiring transformation to an active metabolite, a process mediated by numerous CYP450 isoenzymes. Because of the involvement of multiple isoenzymes, it is difficult to interpret the pharmacodynamics, and more formal data are needed.
A strength of the NIS dataset is its size, as we were able to analyze over one million hospitalizations using contemporary data for this study. However, there are also limitations. As an administrative database, there is potential for misclassification based on administrative code-related definitions of HIV and other variables. That is, we had no way of knowing if correct codes were entered for all patients. Additionally, we were unable to determine why catheterization, revascularization, or placement of DES was deferred in some settings. Acute illness may have contributed to the decision not to pursue procedures or surgery, but we were unable to determine degree of clinical acuity; however, we did control for chronic comorbidities and high-risk behaviors such as drug abuse. We did not have information on severity of coronary disease so were unable to evaluate indication for CABG. NIS also does not provide access to medication data or laboratory information such as CD4 count or viral load; however, we believe that diagnosis of symptomatic AIDS by ICD-9 code is a useful proxy for low CD4 count. Lastly, because this database includes deidentified data, we were unable to assess readmission rates and long-term outcomes for these patients. As with all observational studies, there is the possibility of residual confounding, although we performed extensive adjustment in this study. Despite these limitations with using the NIS, multiple studies have used this database to effectively evaluate procedure utilization and outcomes. [4, 5, 21] In our setting, NIS had particular value in allowing us to look broadly and beyond a single institution at healthcare utilization for HIV infected and uninfected persons after ACS.
Conclusion
We provide an assessment of care delivery for HIV-infected patients presenting with acute coronary syndrome, an event that generally should be acted upon in a timely and standardized fashion. HIV-infected patients with symptomatic HIV/AIDS were less likely to undergo catheterization and revascularization relative to uninfected patients, although the same was not true for those with asymptomatic HIV. Further research should be done to understand the contribution of CD4 count and viral load to care delivery, complication rates, and outcomes for these patients. Additionally, the lower rate of DES use in the HIVinfected population, regardless of AIDS diagnosis, requires further attention. Our study highlights the need for further work in this area, to allow for improved quality of care for this population with a high burden of cardiovascular disease.
